Valproic acid increases the SMN2 protein level: a well-known drug as a potential therapy for spinal muscular atrophy.
Proximal spinal muscular atrophy (SMA) is a common neuromuscular disorder causing infant death in half of all patients. Homozygous absence of the survival motor neuron gene (SMN1) is the primary cause of SMA, while SMA severity is mainly determined by the number of SMN2 copies. One SMN2 copy produces only about 10% of full-length protein identical to SMN1, whereas the majority of SMN2 transcripts is aberrantly spliced due to a silent mutation within an exonic splicing enhancer in exon 7. However, correct splicing can be restored by over-expression of the SR-like splicing factor Htra2-beta 1. We show that in fibroblast cultures derived from SMA patients treated with therapeutic doses (0.5-500 microM) of valproic acid (VPA), the level of full-length SMN2 mRNA/protein increased 2- to 4-fold. Importantly, this up-regulation of SMN could be most likely attributed to increased levels of Htra2-beta 1 which facilitates the correct splicing of SMN2 RNA as well as to an SMN gene transcription activation. Especially at low VPA concentrations, the restored SMN level depended on the number of SMN2 copies. Moreover, VPA was able to increase SMN protein levels through transcription activation in organotypic hippocampal brain slices from rats. Finally, VPA also increased the expression of further SR proteins, which may have important implications for other disorders affected by alternative splicing. Since VPA is a drug highly successfully used in long-term epilepsy therapy, our findings open the exciting perspective for a first causal therapy of an inherited disease by elevating the SMN2 transcription level and restoring its correct splicing.